Quasielastic neutron scattering data for [Νi(ΝH3 ) 6 ](ΝO3 ) 2 and [Mg(ΝH3 )6 ](NO3 )2 were subjected to a new analysis. On the basis of the excess of intensity of elastic component observed in these spectra in comparison to the intensity of this component resulting from the applied reorientational model this analysis determined temperature dependence of the new "R" parameter. This parameter gives us information concerning the number of these NH3 groups which in the [Me(NΗ3 ) 6 ]2+ catioii reorientate with the correlation time of order of 10 -12 s. It has been ascertained that in phases I and II of both substances under study all NH3 groups reorientate fast (R = 6ΝH3 groups), whereas in phases III and IV only part of these groups reorientate fast (R = 3ΝΗ3 groups -in the case of [Νi(ΝΗ3 ) 
Introduction
Complex compounds of the type [Me(NH3)6]Χ2 (where Χ = Cl -, Br-, C1O4 , BF-4 , ΝO and Me = Νi 2 +, Mg2+) were the object of analysis in the previous paper [1] . Besides the temperature dependence of correlation time τ also the temperature dependence of a "p" parameter was determined. The "p" parameter was responsible for the excess of intensity of the elastic component in quasielastic neutron scattering (QNS) spectra in comparison to the intensity resulting from the (527)
A. Migdał-Mikuli, E. Mikuli reorientational model which waS applied. ThiS parameter had no physical meaning and in paper [1] for its high values we did not determine the values of the reorientational correlation times.
It was because of the specific behaviour of the "p" parameter, among others, that the compounds [Νi(ΝΗ 3 ) 6 ](ΝO 3 ) 2 and [Mg(ΝH3 ) 6 ](NO 3 ) 2 occupied a separate position in the analysis. Namely, the temperature dependence of the "p" parameter for these compounds shaped a characteristic thermal hysteresis loop of the phase II-phase III transition. The difference in the temperature of this phase transition on heating and on cooling the sample (Τ hc2 -ΤcC2) is large and is about 95 K for [Ni(ΝΗ 3 )6](ΝO3 ) 2 and about 35 K for [Mg(ΝH3)6](NO3)2.
The hysteresis of phase II-phase III transition in these compounds was discovered using the method of adiabatic calorimetry [2, 3] and the neutron scattering methods [3] [4] [5] [6] . Subsequently, its occurrence was confirmed by X-ray diffraction [7] , proton magnetic resonance [3] and the temperature analysis of the Raman bands width [8, 9] methods.
Moreover, all the studies mentioned above have clearly pointed to a close correlation between phase II-phase III transition and reorientational motions of the NH3 groups in these compounds. This has been unequivocally verifled by measurements made for [Νi(ND3) 6 ](NO3 ) 2 using the adiabatic calorimetry and neutron diffraction methods [10] , which showed the shift of the phase II-phase III transition in the direction of higher temperatures in comparison to the non-deuterated sample.
The thermal hysteresis for [Ni(ΝH 3 ) 6 ](NO3 ) 2 was also observed by Lesiak et" al. [11] using the EPR and dilatometric methods, by Piekara-Sady et al. [12] using dilatometric method, by Fimland et al. [13] using the dielectric method, by Trybula and Stankowski [14] using also dielectric method and by Czaplicki et al. [15] using the nuclear magnetic resonance method.
In the present paper we have attempted to determine the relation between the reorientation of the NH3 groups and the phase II-phase III transition for the two substances mentioned in the title of this paper by means of analysis of the temperature dependence of reorientational correlation time τ and the number of fast reorientating NH3 groups in the [Me(NΗ3 ) 6 ] 2 + cation -i.e. "R" parameter.
In Sec. 2 we discuss the principles of our new analysis. In Sec. 3 results of this analysis together with their discussion are presented. Finally in Sec. 4 we offer our conclusions.
The principle of the analysis based on quasielastic and elastic neutron scattering
In the present paper we have assumed that the elasticity excess of the elastic component seen in the QNS spectra for the compounds under study occurs when the selected reorientational model takes into account too many reorientational motions. This situation can take place when part of the NH3 groups reorientates in a given phase of the substance under study much more slowly than other NH 3 groups. This part of the NH 3 groups will then be treated as "stationary" from the point of view of the QNS method, i.e. these groups will contribute only to the elastic component of the QNS spectrum.
Connection between Reorientational Motions ... 529
If, then, the number of fast reorientatiog NH3 groups in [Me(ΝΗ 3 ) 6 ] 2 + cation is denoted as "R", the neutron scattering function Sinc(K,ω) can be separated in the following way:
where S (t , ω) refers only to this part of the NH3 groups which reorientates fast.
In such a case the model function of neutron scattering, which we have fitted to the QNS spectra for substances under study, assumes the following shape:
where C = [1/24π(kf/ki)] σinc exp(ħω/kBT), (i'"c is the cross-section of incoherent neutron scattering, ħω = Εf -Ε and ħis = ħ(kf -ki) are neutron energy and neutron momentum transfers respectively, R is a parameter deflning the number of the NH3 groups which in [Me(NΗ3)6] 2 + cation perform fast (picoseconds) reorientation, s is the intensity component (expressed in percentages) of elastic neutron scattering caused by the sample holder. The value of "s" is determined experimentally. This value is from several to a dozen or so percent and decreases with the increase in the momentum transfer k. G(ω) is the instumental function which can be expressed by the following formula:
where A is a normalizing constant, B is a small parameter of the asymmetry of this function, ω 0 is the position of the function maximum expressed in meV, and Δω is the resolution power of the spectrometer (half width at half maximum).
The Δω value is determined for each given scattering angle and a given measured series by fltting the formula (3) to experimental QNS points in such measuring temperature which ensures that quasielastic broadening no longer takes place.
As a reorientational model we have chosen such a model of motions where hydrogen atoms in the NH3 group perform instantaneous uniaxial 120° jumps around the Me-N axis. The scattering function in the formula (2) has, then, the following shape:
where r = 0.0954 nm is the rotation radius of hydrogen atoms in the ΝΗ3 group, Γ = 3ħ/2τ, τ is the mean time between instantaneous 120° jumps.
Fittings were performed using the standard method of the least squares, namely the X2 function, which was an indicator of the quality of fittings, was minimized in relation to the fitted parameters. . 1a ) it can be seen that:
Results and discussion
On cooling the sample -in phase I and phase II all the NΗ3 groups perform fast reorientation (R = 6ΝΗ3 groups), whereas in phase III (and in phase IV too) only 50% of the ΝΗ 3 groups (R = 3ΝH3 groups) reorientates fast and the remaining 50% of the ΝΗ 3 groups is "stationary" in terms of the QNS method.
Below I I I -p h a s e On heating the sample -in phase III at first only 50% of the ΝΗ 3 groups performs fast reorientation. Subsequently, just before the phase III-phase II transition a gradual setting in motion of the remaining, freezed -so far -ΝΗ 3 groups, takes place so that following this phase transition, in phase II and then in phase I, all the ΝΗ3 groups perform fast reorientation.
On the basis of changes in the value of R parameter in the function of Fig. 2a ) it can be seen that:
On cooling the sample -in phase I and phase II all the NH3 groups perform fast reorientation (R = 6ΝΗ3 groups), whereas in phase III only circa 33% of the ΝΗ3 groups (R = 2N 3 groups) reorientates fast and the remaining 66% of the ΝΗ3 groups is "stationary" in terms of the QNS method. Below 50 K fast reorientation occurs only for circa 16% of the NH3 groups (R = 1ΝH3 group);
On heating the sample -in phase IΙΙ at first only 33% of the ΝΗ 3 groups performs fast reorientation. Subsequently, just before the phase III-phase II transition a gradual setting in motion of the remaining, freezed -so far -ΝΗ 3 groups, takes place so that following this phase transition, in phase II and then in phase I, all the NH3 groups perform fast reorientation. On cooling [Νi(ΝH3)6](ΝO3)2 a sharp decrease in the τ(120°) value at the temperature of the phase II-phase III transition takes place (Τ cC2 = 105 K) whereas on heating the increase in the τ(120°) occurs at a much higher temperature approaching the phase transition: phase III-phase II determined exactly by adiabatic calorimetry [2] (ΤhC2 = 197 Κ).
On cooling [Mg(ΝH3)6](ΝO3)2 a sharp decrease in the τ(120°) value at the temperature of the phase II-ph ase III transition takes place (ΤcC2 = 115 K) whereas on healing the increase in the τ(120°) occurs at a much higher temperature approaching the phase transition: phase''III-phase II determined exactly by adiabatic calorimetry [3] (ΤhC2 = 145 K).
The picture of the reorientational dynamics of the ΝΗ 3 groups in the substances under study obtained in this work is in agreement with the information obtained earlier by us and coworkers using the NMR method [3] and the neutron scattering methods [5, 6] .
It is worth adding that the studies of inelastic and quasielastic neutron scattering carried out for [Νi(ΝH3)6(ΝO3)2 by Kearley and Blank [16] suggest, similarly to our studies, that in phase III only 50% of the ΝΗ3 groups performs fast reorientation. 2. On heating, setting in motion of the freezed reorientation of the above-mentioned part of the ΝΗ3 groups starts gradually just before the phase transition: phase III-phase II. After the transition to phase II, which, on heating the substances under the study, takes place at a much higher temperature (ΤhC2) than on cooling (ΤcC2), all the NH3 groups reorientate fast. The difference (ΤhC2 -Τ^2 ) defines the width of thermal hysteresis loop of the phase II-phase III transition. For [Νi(NH3)6](NO3 ) 2 this width is 90 K, and for [Mg(ΝH3)6](NO3 ) 2 it is 35 K.
